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Here we report the electrophysiology of an engineered nanopore mediated by
the capsid portal protein GP10 and several mutants in a freestanding lipid bi-
layer. The measured conductance is on par with some of the largest biological
nanopores, like those of the mechanosensitive channels and porins found in
many prokaryotes. Conductance appears to be restricted by both the variable
region and the c-terminal crown, areas known to interact with the viral DNA
but unresolved in the crystal structure. We have used the c-terminal interaction
as a basis for distinguishing dsDNAmethylation state by engineering a methyl-
ated DNA binding domain onto the crown of GP10. The engineered pore has
the ability to electrically distinguish methylated and hydroxymethylated
DNA from the unmodified form. We envision this sensor as a future tool for
detecting the alterations in DNA methylation state commonly associated
with carcinogenesis.
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The catalytic diversity of heme proteins is an ongoing target for biomimetic
chemistry and a wide array of systems have been developed to capture the sa-
lient catalytic features of heme proteins with limited success. Heme proteins
perform a plethora of chemical reactions utilizing a single iron porphyrin active
site embedded within an evolutionarily designed protein pocket. Here the first
class of metal-organic framework materials (MOFs) that mimic heme enzymes
in terms of both structure and reactivity will be presented. This class of
materials is based upon a prototypal MOF, HKUST-1, into which catalytically
active metalloporphyrins are selectively encapsulated ‘‘ship-in-a-bottle’’ fash-
ion within one of the three nanoscale cages that exist in HKUST-1. These new
materials display catalytic activity towards peroxide degradation similar to the
peroxidase activity of metallporphyrins in solution as well as heme proteins. In
addition, encapsulation of photo-active porphyrins into HKUST-1 like frame-
works provides an opportunity for the development of novel porphyrin based
MOF materials capable of both photocatalytic chemistry and optically based
sensor technologies.
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Effect of Nanoparticles in Top Consumers
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The use of nanoparticles in products, like cosmetics and food, increase even if
the knowledge of their effect on the organic metabolism is limited. How the
nano-sized particles effect the metabolism is not known.
It is known that when a nanoparticle enters a biological fluid the nanoparticle is
surrounded by biomolecules such as proteins that will bind to the nanoparticle.
These interactions progress over time and other biomolecules will bind to the
particle. The proteins and the nanoparticles together create a corona and this
corona will affect how the particles are transported in the fluid.
We characterise how commercially manufactured polystyrene nanoparticles
affect the metabolism in fish. Labelled nanoparticles are fed to the fish
through an aquatic food chain from algae through zooplankton to fish. The be-
haviour of the fish is studied and compared with a control group. The organs
and the blood are studied and we investigate which proteins that bind to the
nanoparticles.
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Natural protein-based nanostructures like viral capsids, ferritin present attrac-
tive platforms for vaccine development, catalysis, nanomaterial synthesis,
drug/gene delivery owing to their biocompatability and rich functional chem-
istry. These container-like protein cage architectures possess multiple inter-
faces (interior, exterior and between subunits) for imparting functionality.
However, assembling such structures artificially, with defined molecular di-
mensions has proved challenging. Current approaches do not permit spatial tun-ing, yielding bulky nanostructures (>50 nm). Here we show that controlling the
monomer concentration of hen egg-white lysozyme (HEWL) in micro-
nanomolar range during its spontaneous aggregation at pH 12.2 under room
temperature (298 K) tunes the average hydrodynamic radii of lysozyme nano-
structures between 2 and 15 nm and their rotational correlation times (measured
using nanosecond time-resolved fluorescence anisotropy decay) between 4.3
and 26 ns. As lysozyme self-associates by an isodesmic mechanism at this
pH, limiting the monomer concentration halts the growth of larger aggregates,
making the size of the aggregate directly dependent on HEWL monomer con-
centration. These nanoparticles are stabilized by intermolecular disulphide
bonds after 120 hours, which is shown to preserve their nano-architecture after
transfer to neutral pH. Differently sized HEWL nanoparticles, thus produced,
are shown to possess interiors with a size-dependent gradation in polarity
and molecular packing, suitable for optimising non-covalent binding of desired
cargo.
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In recent years there have been many efforts to take advantage of the unique
properties of nanoscale structures for the study of biological systems. In order
to both fully exploit these properties and properly interpret the applications, we
must develop a better understanding of the interactions between the inorganic
nanostructures and the living cell. We have successfully used transmission
electron microscopy to characterize the interface between vertical nanopillars
and several mammalian cell types, most notably neurons. The high spatial res-
olution of the technique allows us to observe the morphology of subcellular
structures, such as the nucleus or the neuronal axon, as well as the membrane
topography around the nanopillars. We have seen that the structure of the sur-
face has marked effects on cell attachment, and that the presence of the nano-
pillars yields a tight seal between the cell membrane and the surface. As
a result, the nanopillar platform provides a wide array of opportunities for
study, including electrical recording, localized observation of cell signaling,
and delivery of molecules into the cell.
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Essentially all approaches to artificial molecular motors rely on diffusional
stepping, i.e. the free energy input that powers the motor is used to rectify ther-
mal motion. However, many models for biological motors, e.g. myosins or ki-
nesins, include directed motion due to a ‘‘power stroke’’. In this project we are
employing a bottom-up approach to developing a relatively simple experimen-
tal model system, the ‘‘Inchworm’’, with the intention to create the first artifi-
cial motor with a power stroke. Specifically, the Inchworm consists of a stretch
of DNA confined inside a nanochannel, with ligand-gated repressor proteins
immobilized on the nanochannel walls. By cyclically stretching and contracting
the Inchworm DNA, via changes in buffer ionic strength, and simultaneously
externally controlling the DNA repressor proteins’ binding and unbinding
states, the motor is designed to achieve processive and unidirectional motion
along the nanochannel. Here we report the status of this project: we have con-
structed the Inchworm DNA, expressed the ligand-gated repressor proteins and
tested their specificity. In addition, we have developed a protocol for immobi-
lization of the repressor proteins to the nanochannel walls and produced nano-
channels (100-200 nm) in quartz, which can be interfaced with preexisting
micro-fluidic systems.
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